ABSTRACT. As part of a study on methods for assessing diet and exercise among 163 3rd to 6th grade students, data were collected on blood pressure, diet, urinary electrolytes, aerobic activity, resting pulse, and body composition. Data were collected on a stratified sample, with almost equal numbers of children of both sexes from 3rd or 4th and 5th or 6th grades; from three ethnicities: Anglo-, Black-and Mexican-American. Three resting blood pressures were obtained using a Hawksley random zero sphygmomanometer. Data analytic procedures relied on analyses of variance and covariance to assess differences across design factors in blood pressure, with dietary sodium, resting pulse, body surface area, and energy expended as covariates. No differences were detected across ethnic groups in systolic pressures, but Mexican-American children were shown to have significantly higher diastolic fourth phase pressures than Anglo-or Black-American children. Only the dietary variables differed across ethnic groups, but not in the same pattern. Differences in the covariates did not account for the difference across ethnic groups in diastolic pressures. (Pediatr Res 23: 270-274, 1988) Abbreviations MET, metabolic equivalent units BSA, body surface area HDFP, hypertension detection and follow-up program MRFIT, multiple risk factor intervention trial CDC, centers for disease control NCC, nutrition coordinating center NHLBI, national heart, lung, and blood institute ANOVA, analysis of variance ANCOVA, analysis of covariance SBP, systolic blood pressure DBP, diastolic blood pressure investigators have shown that the blood pressure values among adults are related to dietary variables (2-5) and others to exercise or aerobic activity (6, 7). Attempting to explain Black-White differences, two groups of investigators have shown that while Black-American adults did not consume more sodium than White-Americans, they consumed less potassium (2, 3). This higher potassium consumption might serve to decrease the Anglo-American blood pressures relative to Black-Americans.
METHODS
Design. Data were collected as part of a methodologic study on techniques for enabling children to accurately self-report diet and exercise habits. This study was designed to be balanced for ethnicity, i.e. equal numbers of Anglo-, Black-and MexicanAmerican children; gender, i.e. equal numbers of boys and girls; and grade level, i.e. equal numbers of 3rd or 4th and 5th or 6th graders. Ethnic classification excluded those born outside of the United States and those of Hispanic origin other than Mexico.
Procedures. Procedures for recruiting participants have been reported elsewhere (22, 23) . Of the 200 families approached 186 (93%) agreed to participate. The percents were 86, 92, and 100 for Mexican-American, Black-American, and Anglo-American, respectively. The major reason for low participation among Mexican-Americans was lack of fluency in English, which was a '0 ETHNIC VARIATION IN BLOOD PRESSURE 27 1 limitation for our staff. As per Institutional Review Board approval, child informed assent and parental informed consent were obtained at the time of recruitment. Participation involved a I-wk commitment from the child and family. On the late Friday afternoon before participation, two staff members went to the home and trained the child and parent in collection of overnight urine samples and in diet and exercise form completion. Urine values were collected for each of 6 nights, beginning with Sunday night and ending the next Friday night.
On the Friday morning after the start of data collection, the child came to clinic, brought five of six urine samples, and participated in the following: resting heart rate, resting blood pressure, height and weight, 24-h diet recall, 2-wk summative frequency of consumption report, and a 7-day exercise recall. The sixth urine sample was picked up by staff the next morning. The child received a project T-shirt at the initial session and 20 dollars at the end of the clinic session.
Measures. Resting Pulse and Blood Pressure. A resting pulse and three blood pressures were collected on the right arm after 5 min of quiet sitting rest, using the guidelines of the American Heart Association (24) and the protocol of the HDFP study (25) . A random zero sphygmomanometer was used, with at least a 30-s wait between each of the three assessments. The average of the three values of the first (systolic) and fourth (diastolic) Korotkoff sounds were used as the major dependent variables. All staff measuring blood pressures met the accuracy criteria of the HDFP videotape and protocol, including fourth phase pressures. As a quality control procedure, blood pressures were independently assessed by two staff members at periodic intervals across the conduct of this study. No significant sources of error were detected in this manner; no evidence of terminal digit preference was detected.
Height and Weight. The MRFIT protocol for height and weight assessment was used. A CDC anthropometer was used for height and a Detecto (c) balance beam scale was used for weight. BSA (26) , which corrects weight for height (kg/mz), was used in the analyses.
Twenty-Four-H Diet Recall. All children were interviewed by registered dietitians, who were trained and certified by the NCC of the University of Minnesota in standard NHLBI dietary interviewing techniques (27) . Data were recorded on specially designed NCC forms and sent to the NCC for standardized nutrient quantification. Daily kcal consumption was used as a correction value in the analyses.
Frequency of Dietary Consumption. Special forms were used enabling children to report their frequency of consumption of foods within selected nutrient homogenous food categories using a daily diary format. This form was modified from our previous research, includes frequencies for each of 7 days of consumption, and has been demonstrated to provide valid estimates (28) . An average daily nutrient intake estimate was obtained by using standard texts for nutrient density (29, 30) multiplied by average portion sizes (3 I), multiplied by frequencies from the form, and divided by the number of days recorded.
Seven-Day Exercise Recall. Trained interviewers collected selfreport information on the school and nonschool activities of children for the 7 days before the day of interview. The Stanford protocol (32) was modified to obtain estimates of activity performed for each of the previous 7 days which were averaged. An average daily total energy expended in MET was calculated using the Stanford procedures (32) .
Urine Samples. The Liu-Stamler protocol for collecting overnight urine samples (33) was rewritten to be understood by children and parents. Participants and parents were trained in all procedures and in the accurate recording of time and date. The IL Flame Photometer was used for determination of urinary sodium and potassium values. A Beckman creatinine analyzer using the kinetic alkaline picrate method was used for creatinine determinations. Sodium and potassium values were standardized to estimate excretion during an 8-h overnight time period. Data analyses. Systolic and diastolic (4th phase) blood pressures were subjected to ANOVA with three fixed factors: ethnicity (Anglo-, Black-, and Mexican-American), gender (male, female), and grade (3rd or 4th grades, 5th or 6th grades). Duncan's multiple range test was applied when necessary to compare the means between pairs of the three ethnic groups (34) . In order to examine if differences across ethnic or gender groups in risk factors or correlates obscured or contributed to the differences across ethnic or gender groups in blood pressures, ANCOVA were used, using a 2-way (ethnicity and gender) ANOVA model, with the proposed explanatory variables as covariates. The reported zero-order or partial correlations were all Pearson product-moment correlation coefficients. A p value of < 0.05 was considered statistically significant. Because of the large number of tests, consistent patterns in findings were sought rather than isolated significant results.
RESULTS
Sample description. Complete data were obtained on 163 children and thereby constituted the sample for these analyses. The distribution of these cases according to gender, grade, and ethnicity groups is given in Table 1 . Data on 36 cases were discarded from the original sample of 199 for the following reasons: 26 cases with insufficient urine collection (less than 4 days), four cases with incomplete summative diet data, and two cases with no 7-day exercise recall data.
ANOVA analyses. Differences across Gender Groups in Blood
Pressure. Sample means and SD of systolic and diastolic blood pressures are displayed within design subgroups in Table 2 . ANOVA revealed no statistically significant differences across any design factors in SBP. Significant main effects for ethnicity and gender ( p < 0.01) were obtained in DBP. A Duncan's multiple range test revealed significantly ( p < 0.0 1) higher diastolic pressures for Mexican-American over Anglo-and BlackAmericans, with no significant differences between the latter.
Differences across Groups in Covariates. Regarding the risk factors and correlates, ANOVA procedures revealed significant differences among ethnicities in dietary sodium consumption ( p < 0.02) with Black-Americans consuming higher quantities than Anglo-Americans; in dietary potassium consumption ( p < 0.03) with Anglo-Americans consuming lower quantities than Blackor Mexican-Americans; in the ratio of dietary sodium to potassium ( p < 0.05) with Black-Americans having higher ratios than Anglo-and Mexican-Americans; and in overnight urinary sodium measures ( p < 0.01) with Black-Americans having higher measures than Anglo-and Mexican-Americans. Significant differences were revealed between genders in resting pulse ( p < Table 4 ). However, a moderately significant difference between genders was detected (p = 0.05) with boys having higher SBP than girls when adjusted for resting pulse. When BSA was used as a single covariate, the SBP versus BSA Uni-and multicovariate analyses of DBP. In the analyses of covariance of DBP, the assumption of homogeneity of slopes was established for each and for the combination of all four covariates. Classical ANCOVA revealed that only BSA was significantly related to DBP and correcting for these covariates separately and together did not change the statistical significance of the differences among ethnicities or between genders, nor the patterns of differences across ethnic and gender groups. The mean values of SBP and DBP for each ethnic group, unadjusted and adjusted for each covariate, and the combination of covariates are in Table 4 . To correct for the possibility that sodium consumption was merely a proxy for the total amount of food consumed, i.e. that children who ate more food consumed more sodium, all the above analyses were repeated dividing the nutrient estimates by an estimate of total calories consumed. No refinements in results were detected when using this correction factor.
DISCUSSION
Significant differences in SBP were not detected across ethnic groups or for the ethnic-gender interaction. The literature is inconsistent on this point. Although Hanis et al. (9) found that Hispanic boys had higher SBP than the Black-or Anglo-American boys, and Black-American girls' SBP were higher than those of the Anglo-American girls, Wheeler et al. (8) showed that Blacks had higher values than the other two groups. However, Levinson et al. (1 3) showed no differences across ethnic groups for girls, but Black boys were higher than White boys.
An ethnic group difference in diastolic fourth phase blood pressures was detected. Mexican-American children had higher values than the Anglo-or Black-American children, who were not different from each other. Alternatively, Harris et a1 (9) , Wheeler et al. (8) , and Levinson et al. (13) showed BlackAmerican boys and girls had the highest diastolic values, in comparison to Anglo-and Hispanic-Americans.
Berenson et al. (16) attempted to explain elevated blood pressure values separately in Black and Anglo groups. They reported that visual inspection of scatter plots of data indicated differential sodium sensitivity in children, i.e. they reported more highly elevated pressures in response to sodium consumption among hypertensives than among others. This relationship reportedly was stronger among Black-American children. In a follow-up study, Voors et al. (1 8) 
demonstrated higher correlations among
Blacks than Whites in urinary sodium and potassium excretions and greater response of sodium balance and sodium excretion to a loss of potassium among Blacks than among Whites. The lack of higher blood pressures among Black-American children in the current study, despite the significantly higher consumption of sodium, does not support the notion of increased sodium sensitivity among segments of the Black-American population. The higher levels of potassium consumption among Blacks herein is in contrast to the findings with adult populations (2, 3) . This may simply reflect regional variations in diet. The lack of significant relationship between blood pressure and dietary potassium, however, would not support the enhanced potassium effect on natriuresis as suggested by Voors et al. (1 8) . Szklo (35) reviewed the literature on differences in blood pressure between Black and White children. He concluded that local environmental factors most likely accounted for the differences as to which ethnic group had higher blood pressures, because biologically induced differences should be consistent across studies. Thus, the consistent Black-White differences in blood pressure, detectable among adults, are not detectable among children. The onset of puberty would not seem to account for subsequent differences either (36).
While Harlan et al. (4) demonstrated ethnic (Black-White) differences in SBP, they reported no attempt to explain those differences. Regression analyses within each gender-ethnic group revealed that skeletal age or height, and pulse rate were most consistently the important predictors of SBP; and pulse and skinfold thickness were most consistently the important predictors of DBP. Hohn et al. (10) reported that Blacks had higher excretions of sodium and lower excretions of potassium than among whites, but the pattern did not explain their pattern of blood pressure results. Although Hohn et al. (10) did not measure the amount of physical activity among these children, their exercise test of physical fitness did not differ across ethnic or parental hypertension groups, and so could not explain the differences.
The results of the current investigation are consistent with the latter two studies. A measure of body size was most clearly related to diastolic fourth phase blood pressure, but did not vary by ethnic group. Exercise values did not differ by ethnic group and it did not help explain patterns of blood pressure. The dietary variables, although varying by ethnicity, did not vary in a manner consistent with the blood pressure values and were not shown to be linearly related to DBP. Thus, diet, exercise, and body size could not explain the obtained differences across ethnic groups in DBP values in this study.
For some, the sample sizes in this study might be considered small. In ANOVA or ANCOVA, the power of the F test is determined by the noncentrality of the F statistic, level of significance designated, the number of groups, and the number of observations. If we assume the sample noncentrality is the true population value, then the power of the F test can be estimated using a power chart (35) . Fdr DBP in either a 3-way ANOVA or the various ANCOVA, the noncentrality of the F statistic was large, providing a power more than 0.95(with cu = 0.05) in all cases. This enabled us to detect differences of approximately 6 mm Hg between Anglo-and Mexican-Americans and 4 mm Hg between Black-and Mexican-Americans in DBP. For SBP, the noncentrality of the F statistic was almost zero in the 3-way ANOVA as well as the various ANCOVA, providing low power (<0.10). This was due primarily to the small differences among means. The obtained differences in SBP of less than 2 mm Hg across ethnicities are probably not sufficiently clinically significant to be of concern to detect.
Sample bias might also be of concern. Given, however, that 93% of contacted families agreed to participate, the participation rate is not a major concern. Although the participation rates varied across ethnicities, the lower rate (86%) among MexicanAmericans was due to exclusions because of language difficulties.
The potential for bias from the initial contact procedure, i.e. social networking (22, 23) , cannot be estimated at this time. We know of no reason to believe that the procedure selectively eliminated candidates along lines related to genetic or environmental factors in blood pressure.
Given the findings in this study, in conjunction with the lack of consistently higher blood pressures among Mexican-American children reported in the literature, it is reasonable to assume that some unmeasured other environmental factors accounted for these differences, as suggested by SzMo (35) , or interacted with genetic predispositions, which remain to be identified.
